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Introduction
Bimetallic nanoparticles exhibit properties different from bulk materials with the same composition because of size confinement effects and their large volume fraction of interfaces. Bimetallic nanoparticles composed of two distinct metal elements are interesting as they possess unique physical and chemical properties due to their reduced size and tailored morphological structure [1, 2] . This emerging class of materials can have a core/shell, heterostructure, intermetallic or an alloyed structure, and have applications in various fields including electronics, engineering, and catalysis [3, 4] .
There is a great enhancement in specific physical and chemical properties of bimetallic NPs due to synergistic effects. For example, nanostructured Ag materials have received considerable attention for many decades because of their widespread use in various fields such as optics, biology, and catalysis [5, 6] . However, due to the limited reserves of Ag materials, it is expedient to reduce their usage. Incorporating heterometals (e.g. Fe, Co, Ni)
into Ag NPs will reduce Ag usage, and also endow them bifunctional performance with possibilities of new properties [7] .
Metallic nanoparticles of precise size can be easily synthesized by the "bottom-up" approach with surface-modification with organic functional groups. In the process, nanoparticles exhibit new optical properties which are not observed either in the individual molecules, or in the bulk metals. For example, the presence of a strong absorption band in the visible region arises as a result of the surface-plasmon-oscillation modes of the conduction electrons that are coupled through the surface to external electromagnetic fields [8] . Plasmon absorption bands arising due to the optical properties of palladium, platinum and silver nanoparticles in solution have become interesting to materials scientists. The size, shape and refractive index of the surrounding medium determines the colour of metal nanoparticles [9] Pt-nanoparticles with a secondary shell material such as Ag, Pd or Ni are interesting due to their specific catalytic activity and selectivity in hydrogenation and visible light induced hydrogen evolution [10, 11] .
Among several methods employed for the synthesis of bimetallic nanoparticles wet chemical co-precipitation is considered germane due to the fact that the products of precipitation reactions are generally sparingly soluble species formed under conditions of high supersaturation [12] . Nucleation is a key step of the precipitation process. The agglomeration of small particles precipitated from solution is unavoidable in the absence of a stabilizer because the thermodynamics favour the maximization of surface/volume ratio. The two approaches in stabilization include (a) steric repulsion between particles caused due to capping groups [13] and (b) electrostatic (van der Waals) repulsion resulting from the chemisorption of charged species at the surfaces [14] . The class of organically soluble stabilizers include: tetrahydrofuran (THF), mercaptosuccinic acid (MSA), 3-(aminopropyl) trimethoxysilane (3-APTMS), PVP-poly(vinylpyrrolidone) (PVP), dioctylsulfosuccinate sodium salt (AOT). The molecular structures of these compounds reveal the presence of hetero atoms and/or chelating ligands with lengthy alkyl chains and in certain cases steric hindrances which facilitate and control growth anisotropy.
Conventional methods for controlling metal-metal bond formation and crystal growth primarily use synthetic polymers. An example is the formation of cubic silver and palladium particles using poly(acrylate) or poly(vinylpyrrolidone) templates. Smaller multidentate ligands such as trisodium citrate can also be used to control crystal shape as well, for example, in the photo induced conversion of silver nanospheres to triangular prisms [15] .
We report the use of hexadecylamine (HDA) as organic ligands in mediating the polyol reduction of metal salts precursors act as templates for moderate temperature reduction of metal salt precursors to initiate the nucleation and particle growth processes of formation of silver hybrid nanoparticles. The long chain hydrophobic aliphatic end of the structures reminiscent of a surfactant molecule. This unique property can be exploited in synthesizing silver allied nanoparticles with fluxional morphological properties.
Experimental
The seed mediated or successive reduction method deployed was modified from literature method and used to prepare monodispersed Ag/M nanohybrids at optimum concentration of metal precursors under controlled temperature conditions [16, 17] . The reaction mechanism for the formation of bimetallic nanoparticles via the anisotropic nucleation and growth mechanism is shown in Scheme 1.
Materials
All inorganic salts, solvents and chemical reagents used were analytical grade, and were purchased from Sigma-Aldrich Corporation, UK. They are as follow: n-hexadecylamine (HDA), tri-n-octylphosphine (TOP), silver nitrate, nickel (II) acetate, cobalt (II) acetate, palladium (II) chloride, platinum (IV) chloride, glycerol (GLY), diethylene glycol (DEG), methanol (99.5 % w/w) and toluene.
Synthesis of Allied Ag/M nanoparticles
Fractal monodispersed bimetallic AgM (M = Co, Ni, Ru, Pd, Pt) nanostructured particles were prepared by the seed growth or successive addition method [11, 12] .Briefly, to co-precipitate Ag/Ni, Ag/Pd and Ag/Pt HDA capped bimetallic nanoparticles respectively.
Isolation of Ag/M nanoparticles
The centrifuged sols obtained after decantation was redispersed in toluene and cleaned in ultrasonic bath at 50°C for 60 minutes before further characterization.
Characterization

Optical characterization
A Varian Cary 50 Conc UV-Vis spectrophotometer was used to carry out the optical measurements and the samples were placed in silica cuvettes (1 cm path length), using toluene as a reference solvent. A Perkin-Elmer LS 55 Luminescence spectrometer was used to measure the photoluminescence of the particles. The samples were placed in a quartz cuvette (1 cm path length).
Structural characterization
The crystalline phase was identified by X-ray diffraction (XRD), employing a scanning rate of 0. 
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solid phases. The stability was investigated by following the absorbance spectra over extended periods of six months, and reproducible absorption maxima were obtained typical of Ag/M sol property.
Optical Properties of Ag/M sols
The UV/Visible absorption spectra of Ag allied nanoparticles capped by HDA with different metal precursors/ligand mole ratios are shown in Figure 1 The long chain aliphatic amine provided enough binding sites to stabilize the nanocomposites [18] , as a result, Ag/Co, Ag/Ni, Ag/Pd and Ag/Pt sols capped with HDA displayed absorption at 403, 406, 362 and 363 nm respectively (Figure 1 ). Plasmon absorption for silver colloids was observed at about 402 nm [19] , as a result, the bimetallic colloids were expected to equally show single peak absorption band. Therefore, a homogeneous Co or Ni shell layer covering the Ag particles or vice versa can be formed without independent silver particles in the medium, and the Pd and Pt in conjunction with Ag species formed alloy morphological structures [20] .
The absorption band gaps of the Ag/M sols was an estimation by the direct band gap method [21] using the cut-off band edges (Figure 1) [29, 30] respectively.
The photoluminescence spectroscopy measurements of the HDA capped Ag allied bimetallic sols were carried out in toluene, the resultant combined emission spectra are shown in Figure 2 . It was observed that the HDA capped Ag/Co exhibited multiple photonic emission bands at 373 and 461 nm, whereas the HDA capped Ag/Ni sol showed a relatively strong emission band edge at 373 nm. A weak emission peak was recorded for HDA capped Ag/Pt sol at 398 nm, while a single emission peak with the highest intensity was recorded for HDA capped Ag/Pd sols at 392 nm.
Morphology of the Ag/M Sols
The The introduction of polyol in the reduction of HDA capped Ag/Pd and Ag/Pt nanocomposites produced well-defined crystalline nanoparticles ( Figures 5 and 6 ). The Ag/Pd nanocluster ( Figure 5 ) showed well-ordered uniformly dispersed particles with a cuboctahedral structure ( Figure 5b ) with evidence of alloy formation. The thermodynamics of the growth process in this instance can be described as diffusion limited because of the coreduction of metal precursors which was mediated by the seed growth [31] . As a result, the reduced Ag 0 seeded the growth of palladium and resulted in attachment along the {100} lattice planes as shown by the arrows in Figure 5b) . Similarly, Ag/Pt nanoparticles ( Figure 6) formed monodispersed, more uniformly packed, well-ordered crystalline nanodiscs (with some nanocubes at the intercepts). The particles adopted analloy morphology and the growth mechanism is the same as deduced for Ag/Pd nanoclusters. The average diameters of Ag/Pd and Ag/Pt nanoparticles were 20.60 ± 0.97 and 10.36 ± 1.73 nm respectively.
The p-XRD patterns of HDA capped Ag allied bimetallic nanoparticles are shown in Figure 7 . TheAg/Co nanoparticles capped with HDA ( Fig. 7a ), showed the presence of face- (Fig. 7d) shows a broad peak at 2θ = 35-45 ° with no further characteristic peaks of both metals.
XPS Results
For the XPS analysis, one of the nanocomposites, Ag/Pt/HDA was considered for characterization with sputtering carried out on the sample at the surface monolayers. The spectrum and the high resolution scans of the core levels of Ag/Pt nanocluster capped with HDA/GLY are presented in Figure 8 . The high resolution surface scan spectra of Ag/Pt NPs But the deconvolution of Pt (4f 7/2 ) core levels (Fig. 8c ) split into a triplet at 69.55, 73.74 and 74.81eV (BEs) which were assigned to Pt(0), PtO and PtO 2 respectively [34] . The oxygen atoms present were known to have been physioadsorbed [35] .
The interaction between Pt and Ag madethe Ag (3d 5/2 ) binding energy to decrease by a factor of 1.55eV and Pt (4f 7/2 ) binding energy decreased obviously from 71.1 to 69.55eV.
The presence of Pt withdrew electrons from nearby Ag and thus made Ag electropositive, which was beneficial to produce more active sites where electrophilic oxygen species can be absorbed to increase capping group selectivity [36] .
The deconvolution of XPS high-resolution scan for the O (1s) core level (Figure 8d) showed the presence of three different peaks. The main peak centered at 530.97 eV was attributed to AgO in the AgPtO x structure, while the peak at 532.80eV was associated with the O (1s) in the Pt-O species. Therefore, in the Ag/Pt nanoparticles, charge transfer from silver to oxygen was reduced, thus increasing the shielding effect of the valence electrons in Ag ions, which in turn decreased the binding energy of core electrons in Ag ion. This complex modification of silver binding state was associated with the variation in the number of broken bonds per silver ion due to quantum size effect, which led to the formation of oxygen vacancies in the host [37] .
Conclusion
The synthesis of allied Ag/M nanobimetallic particles by successive reduction of hexadecylamine capped inorganic source precursors was successfully accomplished.
Characterization of the nanocomposites using optical spectroscopy, electron microscopy, X- 
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